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Project Background

This guidance document is part of an ongoing effort to encourage and allow for Low Impact
Development (LID) technologies as an alternative and voluntary option for developers to satisfy
stormwater requirements and watershed goals. This project was funded by a grant secured by the
North Carolina Coastal Federation (NCCF) from the National Oceanic and Atmospheric
Administration (NOAA) and includes several public and private partners including Brunswick
County, New Hanover County, City of Wilmington, North Carolina Coastal Nonpoint Source
Program of the Division of Water Quality, and NCCF. Larry Coffman, a national LID
consultant, provided the initial technical support for the project and prepared the first drafts of
the LID guidance manual. NCCF worked jointly with the consultant to provide technical support
for the project.

The scope of the project included the following:

1. Review of current ordinances to determine roadblocks.

2. Comprehensive review of LID principles and practices to
determine appropriateness for coastal application.

3. Guidance on LID technologies compliant with local and State
requirements.

4. Preparation of an LID guidance manual and resolution to enable

developers to use LID on a voluntary basis.

Distribution of educational and outreach materials.

6. Development of an LID spreadsheet modeling tool to aid engineers, planners, and
developers with design and permitting of LID projects.
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Chapter 1 - Introduction to LID

Water quality that meets the designated standards and thriving fisheries are important factors in
sustaining quality of life, the unique character of our community and continued economic
growth. While protecting water resources is a difficult challenge, the County is committed to
implementing their stormwater management policies as well as the Coastal Area Management
Act (CAMA) Land Use Plan as a means to maintain and restore water quality.

Development practices increase impervious areas. The increase in the amount of impervious
area reduces the ground surface available for precipitation to infiltrate into the ground, increases
pollutant loads in stormwater runoff, and typically shortens the duration of time it takes for

stormwater runoff to reach
receiving waters. Riparian buffers
and wetlands are often diminished,
thereby reducing the likelihood of
stormwater filtration through
native vegetation.

Though the magnitude of the
result is site-specific, the increased
volume of runoff and peak
discharges can be substantially
greater than predevelopment
conditions, as shown in Figures 1-
I and 1-2. The increased and new
pollutant quantities that are carried
by stormwater enter into receiving
waters. These pollutants include
bacteria, nutrients and metals.
Over time, as impacts continue,
the receiving waters will
experience diminished water
quality and lost habitat, thereby
dramatically altering the
hydrology of receiving waters.

Ironically, many of these adverse
impacts are not inevitable, but
occur as a result of the methods we
choose to collect, convey,
concentrate and treat runoff in a
manner that creates a highly
efficient drainage paradigm. The
more efficiently the drainage
system moves water away from
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Changes in stream hydrology as a result of urbanization (Schueler, 1992).

the site, the higher the cumulative impacts often can be seen. These cumulative impacts often
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lead to flooding, erosion and water quality degradation. As urbanization increases, it is now
clear that conventional stormwater treatment technology alone is not enough to prevent
continued degradation of water quality or prevent adverse impacts to the ecological integrity of
our waters and its designated uses. Low impact development (LID) technology provides
additional tools designed to optimize the use of the urban landscape to reduce and treat runoff
and better meet water quality protection goals.

LID is a comprehensive stormwater management technology, first described in 1999 in the
Prince George’s County, Maryland, Low-Impact Development Design Strategies, An Integrated
Design Approach." LID is an approach to site development and stormwater management that
minimizes development impacts to the land, water and air. LID may be incorporated into site
design with site level planning, design, and control techniques that are focused toward restoring
and optimizing the land’s ability to absorb water, capture pollutants and process pollutants in the
landscape. This is accomplished through site design techniques that preserve, minimize or
restore the landscaped capacity in order to restore vital ecological processes to the fullest extent
practical.

LID is comprised of stormwater management principles and practices that utilize a wide range of
site planning and treatment techniques to manage both runoff volume and water quality. The LID
approach emphasizes the integration of site design and planning techniques that conserve natural
systems and the hydrologic functions of a site. LID is not a land use control approach that
reduces development potential - it is a stormwater technology that may be integrated into
development to reduce environmental impacts. It is a decentralized approach (as opposed to an
end-of-pipe approach) where small-scale techniques are distributed and integrated throughout the
site to retain, detain, treat, and utilize runoff in a manner that more closely mimics the natural
water balance of the land in its pre-developed condition. Coastal areas are often particularly
suitable for LID. In coastal areas, the land is relatively flat, the soils are sandy and developable
land is located in close proximity to ecologically sensitive resources. While these conditions
present difficulties for traditional designs, they present opportunities to develop an LID site
design.

The following are the basic principles of LID:

1. Optimize Conservation. Conserve natural resource areas, sensitive areas, vegetation and
soils and wisely use them to reduce and treat runoff to maintain the site’s ability to retain and
detain runoff.

2. Mimic the Natural Water Balance. Infiltrate water at the same manner and rate as
predevelopment water infiltration. This requires careful evaluation of the soils onsite, taking
particular notice of the sandier soils. Evaluate where the most permeable, sandy soils are
located — these areas are most often the most appropriate for LID control strategies.

3. Decentralize and Distribute Controls. The more LID techniques applied to a site, and
the more uniformly those techniques are distributed throughout the landscape, the more

! Prince Georges County, Maryland Department of Environmental Resources Programs and Planning Division,
Low-Impact Development Design Strategies: An Integrated Design Approach, June 1999.
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effective LID will be. By making the landscape more amenable to filter and treat runof, it
will take longer for stormwater runoff to leave the site. Increasing runoff time of travel
significantly reduces the flows and discharges.

4. Disconnect Impervious Surfaces. Impervious surfaces should be disconnected, rather
then connected. The runoff characteristics of the site are completely changed when
impervious surfaces are disconnected and drain to a landscape feature or LID practice. This
approach prevents the adverse cumulative effects of concentrated flows.

5. Create Multifunctional and Multipurpose Landscapes. Many features of the urban
landscape can be designed in a way to provide more functionality and reduce impacts. Every
landscape feature should be designed with some beneficial hydrologic or water quality to
store, retain detain or treat runoff.

6. Think Small Scale. Integrate multiple, small systems into numerous aspects of the site.
The most efficient use of the landscape is to design smaller more numerous techniques. With
several LID techniques, the stormwater system is not likely to fail. The disconnection of one
or two rain gardens will only have a minor impact on the effectiveness of the entire system.
Contrast this with using one large stormwater pond if that fails the entire system fails.

7. Instill Pollution Prevention Programs — All efforts should be made to reduce the
introduction of pollutants into the environment. This includes those pollutants generated
from construction activities and human activities. LID also includes effective public
education and outreach to help ensure proper use, handling and disposal of possible
pollutants.

8. Account for Cumulative Impacts — Usually, there is not one single LID technique that is
more important. Reliance on any one LID technique for stormwater management ignores the
cumulative beneficial impacts of an array of LID planning and design techniques. By
combining a series of LID techniques, post-development conditions will be closer to
mimicking the natural hydrologic regime.

The ultimate goal of LID is to maintain and restore a watershed’s hydrologic regime by changing
conventional site design to create an environmentally and hydrologically functional landscape
that mimics natural hydrologic functions. This is accomplished through the cumulative effects of
various LID techniques and practices. The more techniques applied, the closer one can come to
replicating the natural sponge capacity of the landscape and its ability to capture and cycle
pollutants. The uniform distribution of LID controls throughout a site increases runoff time of
travel, thus dramatically reducing site discharge flow. All components of the urban environment
have the potential to serve as an LID practice. This includes rooftops, streetscapes, parking lots,
driveways, sidewalks, medians and the open spaces of residential, commercial, industrial, civic,
and municipal land uses.
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1.1 Purpose and Application of the Manual

A responsibility of local government is to protect, restore and sustain the environmental integrity
and uses of waters — this is especially true in the coastal region. As urbanization increases,
conventional stormwater treatment may not be enough to prevent continued degradation of water
quality or prevent adverse impacts to the ecological integrity of our waters and their designated
uses.

Therefore, the County encourages the use of LID to protect or even enhance the overall
environmental quality and character of established communities and developing areas. This
document provides technical guidance on the application of LID principles, planning, and
practices as an acceptable approach to meeting stormwater management objectives.

Being that LID is a fairly new method of treating stormwater runoff, an additional tool has been
developed to assist with the integration of LID into projects within the County. In an effort to
aid engineers, planners, and developers with design and permitting of LID projects, a stormwater
management tool that quantifies the effect of the structural and non-structural BMPs on the
overall hydrology of residential and commercial developments has been developed. The
spreadsheet tool, known as LID-EZ, is described in more detail in Chapter 6.2 of this manual.

While reading this manual, it is important to note that all local and state standards must be met

during the permitting of any project in the County. The purpose of this manual is not to
supersede any local or state ordinances or regulations.
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Chapter 2. LID Planning and Design Guidance

When incorporating LID into a site, the design represents a philosophy in which stormwater is
used as a resource. Hydrology is the organizing principle which requires designing and
engineering a site in a way that attempts to maintain natural water balance and ecological
processes. The goal is to minimize development impacts, mimic the natural hydrology, and
restore vital ecological processes necessary to restore and maintain the integrity of our waters.”
A well-designed site can minimize the volume of runoff that is generated, and maximize the
treatment capabilities of the landscape, while controlling runoff as close to the source as
possible. If designed properly, individual LID techniques can be aesthetically pleasing and
complement the primary use of the property.

2.1 Considerations in Coastal Situations

Most coastal areas are relatively flat, the soils are sandy, and there is potential for heavy rainfall
from coastal storms and seasonal storms. In addition, many development projects are within
close proximity to environmentally sensitive amenities such as wetlands, estuaries, and surface
water bodies. These conditions present difficulties for conventional site designs but can present
opportunities for the introduction of LID.

Many areas of the coast considered to be the most developable will have relatively sandy soils.
In natural conditions, sandy coastal soils generate very little runoff and provide ample ground
water recharge. Areas which have deep, sandy soils present a greater opportunity to infiltrate
runoff close to the source. However, while sandy soils drain quickly, this short duration drainage
decreases the filtering capacity of the soil. Before runoff is allowed to be infiltrated in these
areas, runoff should be routed through vegetated areas such as grassed swales, bioretention areas,
filter strips and buffers (discussed in Chapter 5) in order to aid in pollutant removal.

While less common, some coastal areas have rolling topography, shallow groundwater, and
dense sub-soils with confining layers of clay or hardpan. Typically, the steeper slopes are the
result of relic dune ridges, escarpments, or river deposits. Coastal soils which have confining
layers such as hardpans or dense clay subsoil will typically be found in areas which present other
problems as well. This type of coastal soil is usually found in areas with a shallow fluctuating
water table, relatively flat topography, or in areas which were previously much wetter and have
been drained over the years. In these areas, preventative conservation measures and filtration
systems such as bioretention and sand filters are the most beneficial LID concepts. These
methods will reduce both quantity of runoff and the amount of runoff generated. The use of
additional smaller, vegetative LID techniques may be incorporated throughout the site to
enhance the quality of stormwater runoff.

In areas with a high groundwater table, incorporating LID may be more challenging and may
require additional site engineering and creative grading to take advantage of swales, bioretention,
sand filters, and infiltration devices for filtration of pollutants. In these situations, it may be

* Coffman, L; “Discussion of an Ecosystem Functional Basis for Protecting Receiving Waters” pp. 383-
391, ASCE Proceedings of the Symposium, June 23-25, 2003, Philadelphia, PA.
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more feasible to rely on preventative conservation to the greatest extent possible. This approach
will also reduce both quantity of runoff and the amount of pollutants generated. If vegetative LID
practices are to be used, they should be at least 2 feet above seasonal high ground water levels.
The top two feet is the biologically active zone of a plant and soil complex and is where most of
the physical, chemical, and biological pollutant removal occurs. Additionally, plants that tolerate
wet conditions should be installed with these LID practices. While infiltration may not be
practical in these areas, bioretention systems designed for water filtration are still viable options.
Soils and groundwater challenges may make it more attractive to rely on conservation of natural
vegetation and use of conservation areas to filter runoff prior to discharging to sensitive waters.

One important consideration in developing a site located within coastal areas is the protection of
environmentally sensitive wetlands, estuaries, groundwater, and surface waters. Many of the
coastal waters are degraded by high levels of fecal coliform. In coastal waters where bacteria
control is important advanced bioretention, filtration / infiltration, or prevention techniques
would be most appropriate. They have been shown to be the most effective practices to remove
bacteria from runoff. In high ground water areas infiltration may not be practical so bioretention
systems designed for filtration and vegetative filtration would be the best choices.

2.2 Basic Site Planning Principles for Residential Development

The most important goal of LID is to mimic the predevelopment hydrology. Therefore, the most
effective LID projects require a thorough understanding of the site’s soils, drainage patterns, and
natural features. To optimize an LID design, it is important to consider a number of site
planning principles and follow a systematic design process from the very beginning. Each site
has a unique set of characteristics and will require the use of a unique blend of site-specific LID
planning and treatment techniques. The integration of LID techniques into every facet of the
project will require an interdisciplinary approach.

There are several basic LID planning principles that must be followed throughout the site
planning and design process. These principles require a different way of thinking about site
design. For example, detaining and retaining water on the site and using the landscape to treat
runoff without causing flooding problems or interfering with the typical use of the property is in
contrast to the current practice of grading and plumbing a site to quickly remove water.

The following is a step-by-step site planning process that factors in the basic LID site design
principles and works to allow the landscape to remain a vital, functioning part of the ecosystem.
To minimize the runoff potential of the development, hydrology is employed as a design
element, and a hydrologic evaluation would be an ongoing part of the design process. It is
important to note that an understanding of site drainage can suggest locations both for green
areas and for potential building sites. In addition, an open drainage system can help integrate the
site with its natural features, creating a more aesthetically pleasing landscape.

Step 1 - Define Project Goals and Objectives

Identify the ecological needs of the site - not just the regulatory needs. These would include the
following fundamental aspects of stormwater control:
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Runoff volume

Peak runoff rate

Flow frequency and duration
Water quality

Determine the feasibility for LID techniques to address volume, flows, discharge frequency,
discharge duration and water quality. Prioritize and rank objectives, and define the hydrologic
controls required to meet objectives such as infiltration, filtration, discharge frequency, discharge
volume, and groundwater recharge.

It is not necessary to use or rule out a particular style of site development such as traditional
neighborhood design, conventional grid patterns, cluster development, conservation design, or
new urbanism. LID techniques can be used on all different types of development styles as
discussed in the next step.

Step 2 - Thoroughly Evaluate Site’s Potential for LID

A site evaluation will facilitate LID design by providing site details that will help the design
team choose the best LID techniques for each project. Special consideration must be given for
the individual constraints of each site and the goals for the receiving waters. This step should be
completed before any site layout begins. The following are important elements of an evaluation.

1. Conduct a detailed investigation of the site using available documents such as drainage
maps, utilities information, soil maps, land use maps and plans, GIS data, and aerial
photographs.

2. Evaluate key characteristics that could negatively affect use of LID techniques. These
characteristics could include available space, soil infiltration, water table, slope, drainage
patterns, sunlight, wind, critical habitat, circulation, and underground utilities.

3. Identify protected areas, setbacks, easements, topographic features, sub drainage divides,
floodplains, slopes, wetlands, and other site features that should be protected.

4. Delineate the watershed and micro-watershed areas. Take into account previously
modified drainage patterns, roads, and stormwater conveyance systems.

There may be many more unique site features that influence the site design including historical
features, viewsheds, climatic factors, energy conservation, noise, watershed goals, onsite
wastewater disposal, and off site flows. All of these factors help to define the building envelope
and natural features to be integrated into the LID design.

Step 3 - Maximize the Use of Natural Features and Open Space

It is important to conserve and protect natural drainage corridors, such as dry channels that
convey water during storm events, areas of native vegetation, and open space. There are many
ways to increase the amount of open space within a project. Conserving natural features do not
only reduce impacts but they may also preserve natural ecological process and functions that can
help maintain the sites water balance and treat runoff.
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The most successful LID designs begin with an understanding of the site’s natural resources and
an evaluation of ways to save these features and incorporate them into the stormwater
management system. The goal is to use these features in your stormwater plan by continuing to
direct water to the natural features in the same manner as the predevelopment conditions. The
major challenge with LID is to carefully consider how best to make use of the existing soils,
topography and natural features to help reduce and control runoff. The greater the use of the
natural features the less clearing and grading that will be needed and more natural process that
will be preserved. Figures 2-1 and 2-2 contrast a conventional design with a conservation design
where natural features have been saved to reduce impacts and allow for greater use of those
features to treat runoff. To the extent practicable wetlands, trees, natural drainage patterns,
swales, topography pervious soils, and depressions are conserved. This helps to retain areas to
store water and maintain the ability of the landscape to infiltrate and treat water. Integrating
natural features into the site plan will improve aesthetics and long-term sustainability as well as
minimize the cost of clearing and grading.

Figure 2-1 Conventional site design with little Figure 2-2 Conservation Design with preserved
vegetation preserved. Source Phil L. Stuepfert. vegetation. Source Phil 1. Stuepfert, SEC Planning.

Optimizing the site’s green space requires an ability to lay out the site infrastructure in a way that
saves sensitive natural features. Locating site infrastructure away from surface waters and
directing runoff to buffers, vegetative filters, and existing drainage features will help to reduce
the quantity of runoff and improve the quality of surface runoff. Integrating small-scale
stormwater management features into the open space and site landscape elements allows
multifunctional use of the landscape and improves the efficiency of stormwater management
systems. This approach reduces the disturbance of the natural soils and vegetation, allows for
many more areas for surface runoff absorption, and slows water down to increase the contact
time of water with the landscape. The basic strategy is shown in Figures 2-3 and 2-4.
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Figures 2-3 and 2-4 demonstrate conservation site design.

In order to conserve natural features and promote the use of open space, several strategies should
be included in the design. These strategies include:

1. Minimize grading and site clearing only for roadways and building pads;
Conserve soils that infiltrate well and place LID techniques in these areas (e.g.
hydrologic soil groups A and B);

3. Construct impervious surfaces on less pervious soil groups (e.g. hydrologic soil groups C
and D);

4. Disconnect impervious surfaces by draining them to natural features; Save natural buffer
arcas and use to treat runoff;

5. Increase open space.

Traditional Neighborhood Developments

Most traditional neighborhood developments
conserve natural features external to the lots
(Figures 2-5 & 2-6). This results in much larger
common open spaces. Lots are clustered together
which can make the addition of LID techniques
more challenging and expensive. Most LID
techniques will have to be highly engineered to fit
in the more densely built areas. These techniques
may include bioretention planter boxes along the
roadway, expanded use of porous pavements, and

underground detention and infiltration systems. In Figure 2-5 Traditional neighborhood design with
external open space and limited internal open space.
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most traditional neighborhood developments, it is likely that there will be insufficient internal
space to create enough storage for stormwater, thereby creating the
need for a stormwater pond.

Figure 2-6 is a schematic of Cline Village in
Conover, North Carolina. This neighborhood design
is a good example of how traditional neighborhood
developments can be designed so that built areas are
clustered and larger natural areas are conserved. The
result is that, these large conservation areas can be
used for multiple LID techniques.
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internally to create larger lots and common spaces. In
this example, when the coving design is compared to the grid design, the result was that there
was 42% less roadway, the average lot sizes increased, and there was a 31% increased lot yield.
The benefit of this style is that lots sizes are usually larger allowing for more space for the use of
lot level LID techniques such as swales and bioretention areas.

Figure 2-7 Standard Design Figure 2-8 Coving Design

Step 4 - Minimize Impacts at the Lot Level

At the individual lot level, impacts should be minimized. In general, conserve wetlands, trees,
natural drainage patterns, swales, topography pervious soils and drainage depressions. This
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retains areas to store water and maintain the landscape’s ability to infiltrate and treat water and
can minimize the cost of clearing and grading.

Once conservation and integration of the natural features in the overall stormwater management
strategy for the site have been optimized, more can be accomplished at the lot level to further
minimize impacts and increase functionality. The key to preventing excessive runoff from being
generated is to slow down velocities by directing it toward areas where it can be absorbed. The
reliance on many small measures used throughout the site will serve this purpose better than a
single large control measure.

There are many lot level planning and site design techniques that should be considered including
the following. It is critical to ensure that these techniques are addressed in homeowners
association documents, easements, and covenants to specify who is responsible for maintenance
and enforcement in order to ensure sustained operational effectiveness.

e Employ a variety of professionals such as botanists, biologist, arborists, and landscape
architects when designing the site.

e Design sites in a way so that development fits into existing contours. Follow existing
contours and avoid stands of trees and other valuable vegetation when locating
temporary roadways.

e Maintain existing topography, drainage divides, and dispersed flow paths.

Consider plant and tree health, age, species, space required for growth, aesthetic values,

and habitat benefits when locating structures and.

Design new landscaping to provide consistency with existing vegetation.

Increase (or augment) the amount of vegetation on the site.

Restrict ground disturbance to the smallest possible area.

Minimize compaction or disturbance of highly permeable soils.

Direct flows from paved areas to stabilized vegetated areas or other permeable surfaces

such as open spaces. Encourage sheet flow in these areas.

e Lengthen and increase the number of flow paths. Modify drainage flow paths to
increase time of concentration (T).

Make use of an open swale systems.

Reduce paving and locate paved areas and structures on clay soils.
Reduce the use of turf and apply more natural land cover.
Disconnect roof drains.

Step S - Utilize Engineered LID Techniques

LID integrated practices are techniques used to store or treat additional volume needed to meet
regulatory needs or receiving water goals that were not obtained during the site planning process.
In some instances, the soils may be sandy or loamy and due to their depth will provide an
opportunity for infiltration if the velocity of runoff can be kept in check.
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If site planning is not
sufficient to meet the
regulatory objectives,
additional hydrologic
control needs may be
addressed through the use
of engineered LID
practices. Evaluate
supplemental needs. If
supplemental control for
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Changes in stream hydrology as a result of urbanization (Schueler, 1992).

TIME —>»

of LID practices, selection

and listing of additional
management techniques
should be considered. For

Figure 2-9 Comparison of pre- and post-development hydrographs.
Source CWP 1992.

example, where flood control or flooding problems are key design objectives, or where site
conditions, such as poor soils or a high water table, limit the use of LID practices, additional
conventional end-of-pipe methods, such as large detention ponds or constructed wetlands, should
be considered. In some cases their capacity can be reduced significantly by the use of LID
upstream. It may be helpful to evaluate several combinations of LID features and conventional
stormwater facilities to determine which combination best meets the stated objectives. Use of
hydrologic evaluations can assist in identifying the alternative solutions prior to detailed design

and construction costs.

One important goal of LID is to create
additional storage volume to meet
regulations. This can be achieved in many
cases by increasing the treatment capacity of
the landscape using infiltration where
feasible. Use of aesthetically pleasing
landscape features to store runoff makes
multifunctional use of the green space.
There are a wide range of engineered LID
techniques that can be used to treat the
required water quality volume or design
storm. The North Carolina stormwater
management regulations encourage the use
of infiltration, basins/ponds, swales, and
vegetative filters. Most LID practices use
these same basic principles. However,
rather than using these types of practices on
a large scale at the end of pipe, LID uses
practices on a much smaller scale sometimes
integrated into each site as in the sketch in
Figure 2-10. If the conservation and

Figure 2-10 LID master plan showing overall LID techniques
including conservation areas.
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minimization techniques do not allow you to provide for the proper surface storage and
infiltration methods to capture runoff it will be necessary to engineer more storage and treatment
capacity into the site using the LID practices found in Chapter 5.

Step 6 — Create an LID Master Plan

An overall design sketch of the site is an important tool to ensure that all aspects of LID have
been employed in a manner that optimizes conservation and the number, types, and placement of
LID control practices. It is important to keep all land areas as multifunctional as possible to
provide some type of infiltration, filtration, or retention. The master plan helps to identify all
key control issues (water quality, water quantity, water conservation) and implementation areas.
The Plan specifies selected LID technologies and any connections they have to stormwater
overflow units and sub-surface detention facilities. In order to minimize the runoff potential of
the development, a hydrologic evaluation should be an ongoing part of the design process. An
understanding of site drainage can suggest locations both for green areas and for potential
building sites. An open drainage system can help integrate the site with its natural features,
creating a more aesthetically pleasing landscape. Integration of LID techniques into every aspect
requires an interdisciplinary approach.

Utilize existing drainage patterns

Route flow over longer distances

Use overland sheet flow

Maximize runoff storage in natural depression
Flatten slopes where possible

Re-vegetate cleared and graded areas

Step 7 — Incorporate a Pollution Prevention Plan

Another important part of LID that is often overlooked is that of pollution prevention.
Developers, property owners, and property managers all play a role in helping to reduce the
introduction of pollutants into the environment and the proper operation and maintenance of LID
techniques.

Developers are encouraged to work with potential property owners to educate them on the role
and function of the LID techniques in their development and located on their property. The
ecologically based approach and greater use of conservation and landscaped based practices of
LID may be an effective marketing tool. Often developers have found it possible to obtain lot
premiums for the landscape amenities of an LID design.

Below is a list of activities to promote pollution prevention:

e C(Create an environmental stewardship mission statement for the development
e Explain the benefits of low impact development on the surrounding properties
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e Provide interpretive signage or
information for historical and cultural
resources.

Figure 2-11 Examples of public education brochures.

Kair gk | Green

e Post the mission statement at the main 20 | Lawns
entrance to the development : —

e Publicize the environmental benefits The
of project (e.g., protection of natural Smart
space, wildlife and habitat protection, &t g s . Wﬂy
water quality) i g, & ik‘i'jifﬂ__ ,f:

e Incorporate environmental benefits in 5 g:'““‘* : M - iy
marketing literature ek s o

o Actively participate with builders in el i e R R
siting and landscaping of individual —
lots

o Install pet waste stations and educational signage about the natural features and/or best
management practices

e Provide interpretive facilities that assist in educating residents and visitors about the
natural features of the site

e Develop a program to inform property owners on how to maintain LID practices;
conservation areas; use of native plants; water conservation, and the proper use handling
and disposal of household hazardous waste, lawn care products, and car care chemicals.

e Publicize the financial and community benefits of low impact development such as
aesthetics, passive open space, rain gardens, wildlife conservation, reduced lawn care,
maximum tree cover, energy and water savings, and improving water quality.

¢ Include information about proper use of fertilizers, pesticides, and herbicides and pet
waste management.

e Provide information about the importance of proper maintenance of LID techniques by
the homeowners or homeowners association.

e Promote the proper use of rain barrel for water conservation and to help promote
rainwater as a resource.

Step 8 — Develop an Operation and Maintenance Plan

The first steps in ensuring the long-term effectiveness of any LID practice are the proper
selection, location, and design of the practice. Equally important are the construction and long-
term maintenance practices and techniques. It should be noted that while these elements are
critical to the effectiveness of any stormwater practice, the distributed and small-scale nature of
LID practices and techniques make them especially vulnerable to impacts from mass grading,
construction practices and maintenance operations. Long-term neglect of LID BMPs that require
intensive maintenance is a major concern and must be addressed during the permit phase.

Proper planning for location and design of LID practices includes a sequence of construction.
The sequence of construction is critical because some LID practices cannot be built until the
contributing drainage area has been stabilized. Similarly, if certain areas of the site are to be
preserved for post-construction LID practices, the site design must account for adequate access
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to the proposed construction areas without impacting those protected areas. Impacts to protected
areas, even if only temporary, can cause compaction of the natural soil horizon or contamination
with silt, thus reducing the effectiveness and long term function of the practice. If impacting a
select area is unavoidable, the plans should include provisions for restoration and preparation of
the area for the post-construction use. Therefore, the construction drawings must reflect areas to
be preserved and include adequate erosion and sediment control measures to protect those areas,
especially since those areas may serve as natural drainage paths.

The sequence of construction should be prominently displayed on the plans as a critical element
to the site design, and reflect the multiple phases of the construction as related to the
implementation of the designed LID practices within the overall construction activity. Interim
inspection should be provided by the project engineer to ensure proper construction and
adherence to approved design standards of the various LID practices.

Post-construction inspections and maintenance of LID structural and non-structural practices are
important to ensure effectiveness. Annual inspections are recommended at a minimum, with
more frequent inspections during the first year or growing season for vegetated practices, or as
required by any permit conditions. Some LID practices may require more frequent inspections,
(e.g. after significant rain events, quarterly, during property transfers, etc.). More information
about inspections and maintenance is located after each associated LID technique in Chapter 5,
and in Chapter 6. A sample maintenance agreement can be found in Appendix L.

2.3 LID Site Design for High Density and Commercial Development

The same basic site planning considerations detailed in the steps above can also apply to high
density and commercial development. With high density and commercial development, it
remains important to conserve natural resources and soils and minimize impacts internal to the

site. Grading should be conducted in a - . - . .
Figure 2-12 This high-density residential community in

manner that ensures runoff will be . .
) . the Chesapeake Bay watershed is a zero-discharge
dispersed and directed to the LID features design that was constructed for sandy soils and a high

as opposed to inlets and pipes. In most ground water table. The design included infiltration
instances, LID techniques can be devices under the buildings, parking lots, and
incorporated into the site design without sidewalks; conservation and buffers areas to treat

runoff; rain gardens and porous pavements.

significant alterations of traffic flow,
parking capacity or building footprint /
capacity potential. Not only are the LID
techniques effective in meeting
stormwater management objectives there
are other ancillary benefits, such as heat
island reduction, water conservation, and
aesthetics. The multifunctional use of
landscape for stormwater control does not
increase maintenance burdens.
Bioretention islands and tree box filters
require no more maintenance than typical
landscape features.
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The selection and sizing of LID techniques depends upon a wide range of factors, including
unique site constraints (soils, high ground) and water quality treatment objective. The typical
LID techniques used for high-density developments include perimeter buffers, swales and
bioretention systems; parking lot bioretention / detention islands, planter boxes, green roofs,
porous pavers / pavement, and infiltration devices. Runoff can also be stored, detained, and / or
infiltrated under the parking lot using porous pavement with subsurface gravel storage areas.

Figure 2-12 shows a town house development in the Chesapeake Bay watershed. Infiltration
devices have been constructed under the buildings and parking lots, alternative paving surfaces
such as gravel sidewalks, take the place of paved paths, bioretention areas have been included
and several conservation areas have been designated. As a result, the development generates
zero discharge and is used as a model for developments discharging to sensitive waters.

The following figure demonstrates how LID can be incorporated into a site developed for an
office or retail use. The use of several engineered LID practices can be designed to meet both
water quality and water quantity requirements. LID features such as buffers, swales, and
bioretention areas are incorporated on site. Proper grading is required to ensure that runoff is
dispersed and directed to the various LID landscape features. This design is in contrast to typical
site grading where runoff is concentrated and directed to inlets, pipes and a detention pond.

Buffer Bioretention Swales

'2] B !
. Sl =os = \,"”
Porous Pavers e
I g ; - oty = 'Ir
B d
=S g'k‘-”
|

[T

Planter Boxes

Bioretention
"

E:h'! -
JE

Buffer / Swale

Figure 2-13 LID Design for an Office Project. This figure shows how several engineered
LID techniques were incorporated into the site.
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The next figure demonstrates how a “big-box” retail store could incorporate LID into the site.
Swales, bioretention, buffers, and infiltration practices are incorporated throughout the site. The
LID devices are incorporated into the landscape islands and used for filtration, infiltration, and
water volume storage. The selection and sizing of the LID techniques that are ultimately chosen
will depend upon a wide range of factors, including high ground water tables, soil consistency,
and proximity of sensitive water bodies.

Buffers

Swales

Infiltration

Trench Swales

Bioretention

Islands Buffers

Swales

Bioretention / Detention

Figure 2-14 LID Design for a “Big Box” Commercial Site. This figure shows swales, bioretention
areas, buffers and infiltration practices. The bioretention islands in the parking lots could be used for
filtration, infiltration and volume storage.

The final two figures demonstrate a residential or commercial high-rise building and a
townhouse development where LID has been incorporated into the parking area and perimeter
buffer areas.
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parking area and perimeter landscape features.

Figure 2-15 LID Design for a High Density Residential Site —
residential high-rise development where LID techniques were applied throughout the

This figure shows a

Swales

Bioretention / Rain Gardens

Buffers (Natural) Bioretention

Figure 2-16 LID Design for a Townhouse Development — This figure shows a residential townhouse
development where LID techniques are integrated into the site’s green space and common areas.
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Chapter 3 — Local LID Developments and Retrofits

3.1 Local Developments Utilizing LID Practices

Brunswick County is a quickly urbanizing community with large tracts of undeveloped land.
However, there are areas of the County, especially along the many beaches, that are more
densely developed. The County understands that conventional stormwater management
practices alone are not always adequate to offset the impacts of rapid urbanization. The
following are a few examples of communities in Brunswick County that currently implement

various LID techniques.
Example #1 Woodsong, Shallotte, NC

The Village of Woodsong in Shallotte, NC has
incorporated various LID practices into the community
in an effort to keep natural systems functioning within a
healthy range and to conserve site features to the
greatest extent possible. The natural areas in the
development consist of a neighborhood green, intimate
vicinity parks, a constructed wetland water-garden,
nature trails and the sanctuary of the preserved wetland
forest.

Some of the LID practices incorporated into the
community include pervious concrete streets (Figure 3-

Figure 3-1 Pervious concrete street. Source B.
Milliken.

1), a constructed stormwater wetland (Figures 3-2 and 3-3), and bioretention (Figure 3-4). There
are also pervious surface walking paths and nature trails (Figure 3-5) throughout the

development in the place of sidewalks.

Figure 3-2 Village of Woodsong constructed Figure 3-3 Outlet weir and gabions. Source B.
stormwater wetland. Source B. Milliken. Milliken.
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Figure 3-4 Rain garden. Source B. Milliken.

WEIE .r., . -
|

Figure 3-5 Pervious surface walk paths.
Source B. Milliken.

Example #2 Devaun Park, Calabash, NC

The philosophy behind Devaun Park is called "New Urbanism" and it hopes to replace suburban
sprawl with Traditional Neighborhood Design (TND). TND developments are mixed-use
communities where residents live, work, and play within a mix of various sized homes as well as
parks, shops, restaurants, and offices all located within strolling distance. Architects and
developers worked together to promote traditional neighborhood patterns as better than
conventional suburban development by creating a sense of community, protecting the
environment, and providing a higher quality of living.

Figure 3-6 Narrow road design. Source Devaun Park used many of the principles of LID road
S. Stewart. and driveway design throughout the community.
Some of the LID practices included narrow streets
with on-street parking, reduced driveway size and
ribbon driveways or alleyways. Figures 3-6 through
3-8 show the LID practices incorporated at Devaun
Park. These LID practices will be discussed in detail
in Chapter 4 of the Guidance Manual.

Figure 3-7 Ribbon alleyway. Source S. Stewart.
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3.2 Retrofits and Redevelopment

Efforts to protect or improve water quality cannot
be directed toward new development alone.
Impacts from existing stormwater pollution sources
must be addressed as well. LID retrofitting can be
an effective approach to control stormwater
pollution in existing urbanized communities and
commercial developments. With LID retrofit
projects, micro-scale management techniques are

introduced into the existing urban landscape (roads,

sidewalks, parking areas, buildings, landscaped
areas, etc.) to reduce pollution from existing
sources.

The most economical way to retrofit existing

Low Impact Development (LID) Guidance Manual

Figure 3-8 Narrow road design with on-
street parking. Source S. Stewart.

development is to ensure that infill development, redevelopment, and reconstruction projects
include the use of LID practices. Over time as urban areas are redeveloped and rebuilt with LID
practices more of the previously untreated urban runoff can be treated thereby reducing water
quality degradation. Retrofitting over time through the redevelopment process combined with
targeted capital improvement projects can have a significant impact, but it takes time.

Several LID techniques may be used for retrofit and redevelopment. Selection should be made
on the level of desired pollutant removal as well as the unique constraints of the site. When
selecting the most appropriate LID techniques it is important to match the optimum LID

technique to meet the goals of the receiving waters.
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3.3 LID Retrofit Case Studies

Example #1 Bio-cells - Oak Island Lighthouse, Oak Island, N.C.

The Oak Island Lighthouse, originally completed in | Figure 3-10 Oak Island Lighthouse
1958, offered an opportunity to incorporate an LID landscaping before. Source H. Burkert.
design into the landscaping while also using native
plants that could withstand the harsh environment
of the dunes. The existing landscaped area around
the lighthouse as shown in Figure 3-10 allowed for
stormwater runoff to sheet-flow to the street and
neighboring properties and did not provide
sufficient stabilization of the area.

The bio-cells that were installed, as shown in
Figures 3-11 and 3-12 serve multiple purposes. The
bio-cells serve the same aesthetic purpose of the
original landscaping, but now have the added
benefit of removing pollutants and reducing the
amount of stormwater runoff leaving the site. The native dune plants that were installed also
have special characteristics that make them capable of growing in loose, dry, unstable, and
nutrient poor soils; and capable of sustaining exposure to wind, salt spray, intense light, and
storms. Well-maintained dune areas preserve and enhance the beauty and value of the coast and
coastal ecosystems.

Figure 3-11 Oak Island Lighthouse after bio-cells Figure 3-12 Oak Island Lighthouse bio-cells with
were installed. Source H. Burkert. native vegetation. Source H. Burkert.

|
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Example #2 Bioretention - Port City Java, Wilmington, N.C.

The parking lot at the Port City Java Corporate Headquarters

in Wilmington was once a large paved area with no Figure 3-13. Port City Java
parking lot prior to retrofit.

Source NCSU.

landscape islands. The stormwater from the 15,450 square
foot parking area drained directly into Burnt Mill Creek with
no treatment or detention.

To retrofit the parking area, a location between wheel stops
was retrofitted with two bioretention cells. The two
bioretention cells measured 1180 square feet and were
installed to intercept stormwater. To construct the
bioretention cells, the existing asphalt was removed.
Existing soil was excavated to an appropriate depth, and
underdrains were installed in order to facilitate water
movement and allow for water quality monitoring at the
outlet pipe. The existing sandy soil proved ideal as fill
material and was able to be utilized for the project. Native
plants were installed within the bioretention areas, as well as an access bridge and educational

signs.

Figure 3-14 Underdrain installation at Port Figure 3-15 Completed Port City Java
City Java. Source NCSU. _ bioretention cells with plantings. Source NCSU.
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Example #3 Bioretention and Porous Pavement - Wilmington Family YMCA, Wilmington,

N.C.

An area at the Central YMCA on Market Street in
Wilmington used primarily for overflow parking was
once covered with gravel and did not contain any
landscaping. Although the gravel was initially
partially pervious, the parking area became
impermeable over time as a result of compaction.
Rooftop runoff from part of the YMCA roof was also
directed into the parking lot, causing runoff from rain
events to wash a substantial amount of sediment and
gravel into the storm drain system.

Two LID retrofits were designed for the site to
control and treat stormwater runoff. Porous

pavement was installed to stabilize the parking area,
prevent continued erosion, and allow for infiltration
of stormwater. A bioretention area was also
constructed to filter pollutants from stormwater runoff
through plant uptake. Overflow from the rain garden
is channeled into the concrete parking area to
maximize storage capability.

Figure 3-18. Completed YMCA bioretention
area. Source NCSU.
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Figure 3-16 YMCA overflow parking area
prior to retrofit. Source NCSU.

Figure 3-17 Completed porous parking and
bioretention area at YMCA. Source NCSU.
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Example #4 Bioretention - Gregory Elementary School

A bioretention area was installed at Gregory
Elementary School in Wilmington to capture and
treat runoff from the 9,000 square foot parking lot
which is located between the school and Ann Street.
Existing soil was excavated 10 inches below the
lowest point in the parking lot. Two inches of topsoil
was then mixed into the top eight inches of existing
soil. Three inches of mulch was spread in the
bioretention area and native vegetation was planted.

A grassed forebay with a level spreader was used to
slow the runoff from the parking lot and evenly
disperse it into the bioretention area. The banks of
the bioretention area were covered with sod and a
berm was constructed to divert the runoff from the
stormwater drain into the bioretention area. Overflow
from the bioretention area is routed back into the
existing storm drain.
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Figure 3-19. Gregory Middle school
landscape area before retrofit. Source
NCSU.

Figure 3-20. Completed Gregory
Elementary bioretention area. Source
NCSU.
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Example #5 Bioretention — Trask Middle School, Wilmington, N.C.

With grant funding provided through an
Environmental Protection Agency (EPA) cooperative
agreement grant, two low impact development
techniques were constructed in the Smith Creek
watershed in Wilmington. The first location chosen
for retrofit was a semi-grassed swale that drains the
northern side of Trask Middle School. Runoff from
the surrounding faculty parking lot and roof entered
this swale, carrying pollutants from the parking lot,
sediment from areas surrounding the parking lot, and
the eroding swale, into a drainage ditch.

A bioretention area was designed to capture 1 inch of
rainfall. The bioretention area was designed so that
stormwater runoff would be detained in the area and
vegetation would filter pollutants. The bottom of the
bioretention area was mulched and the banks were
sodded. A variety of native, drought-tolerant plants
were installed within, and several flowering varieties
were included to improve aesthetics. A grassed
forebay was installed to dissipate energy, capture
sediment, and disperse flow more evenly across the
mulched portion of the bioretention area.
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Figure 3-21. Grass swale at Trask Middle
School before installation. Source NCSU.

Figure 3-22. Completed Trask bioretention
area. Source New Hanover County Planning.
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Example #6 Constructed Wetland — Laney High School, Wilmington, N.C’

The second project constructed with the EPA
cooperative agreement grant was a wetland at Laney
High School. The wetland was constructed within an
existing drainage ditch in order to reduce the volume of
stormwater runoff and associated pollutants from
entering into Smith Creek. The watershed draining into
the constructed wetland is comprised of athletic fields,
parking lots, and rooftops. The runoff flows into a pipe
which empties into the existing ditch system.

To construct the wetland, a 0.2-acre area was
excavated. The wetland design includes deep pools
(11% of the wetland area), shallow water areas (39% of
the wetland), and shallow or emergent land areas (50%
of the wetland). The pools were designed to trap
sediment, provide anaerobic conditions via nitrate
removal for most of the year, and to provide habitat
diversity for wetland plants, amphibians, and fish. An
outlet weir was constructed at the outflow of the
wetland to handle the 25-year storm.

Since the wetland has been constructed, it has been
monitored by North Carolina State, the N.C. Division
of Water Quality, and students at Laney High School.
The wetland also serves as an outdoor living laboratory
that is utilized by Laney High School earth science and
biology students.

Figure 3-23. Drainage ditch at Laney High
School prior to wetland construction. Source

Figure 3-24. Laney constructed wetland
after completion. Source New Hanover
County Planning.

? Information taken from Michael R. Burchell II, Ph.D. and W.F. Hunt III, Ph.D., Final Report: Implementation of
Two Priority Stormwater Best Management Practice (BMP) Projects for the New Hanover County, NC Local

Watershed Plan
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Example #7 Constructed Wetland - Stonesthrow Townhomes, Wilmington, N.C.

The Stonesthrow Townhomes are located in the

headwaters of the Burnt Mill Creek watershed in Figure 3-25. Wooded area at Stonewthrow
Townhomes prior to retrofit. Source NCSU.

Wilmington. The site consists of a 5-acre multi-
family residential development which drains into
a ditch towards the rear of the property.

The wetland was sized at half of the area that
would be required to store and treat one inch of
rainfall due to site constraints. Site constraints
included the location of an inlet pipe, a property
boundary on one side, and a utility pole and utility
lines on the other side.

The wetland was designed with 24% pools, 48%
shallow land, and 28% shallow water. The pools
were 2.5 feet deep and were designed to store
sediment, provide anaerobic conditions to Figure 3-26. .Stonesthrow constructed wetland
improve nitrogen removal, and provide habitat after completion. Source NCSU.

diversity for wetland flora and fauna. Shallow
water areas were intended to have six inches of
water at normal pool (the water level between
storms) and serve to connect the pools, provide
diversity, and allow sunlight penetration for
bacteria removal. Shallow water areas were
intended to dry out between storms as water
leaves the wetland through drainage and the
process of evapo-transpiration. The level of the
water in the wetland was controlled by a variable
outlet control structure.
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Example #8 Stormwater Wetland/Pond/Biocell — Victory Garden, Brunswick Community

College, Supply, NC

This project is located at the Brunswick Community
College in Supply, NC. The addition of the Victory
Garden provided an opportunity to combine the
stormwater of the Garden site and the existing
adjacent parking lot into an LID treatment system.
Originally, the system consisted of an open ditch
that discharged untreated into a conventional
stormwater system.

First, a weir was installed to create a wetlands area
at the street and parking discharge point. From
there, an open pond was designed to capture sheet
flow of the site and for aesthetics and to create bio-
diversity. Another weir was employed at the pond
discharge point to create a final biocell.

Figure 3-27 Biocell/pond during construction.
Source H. Burkert.

The system infiltrates and treats the stormwater before discharging into the existing conventional
stormwater system. The native plant material used through out the system provides new habitats
while also removing pollutants. Figure 3-27 shows the biocell/pond retrofit under construction.

Figures 3-28 and 3-29 show the finished project.

Figure 3-28 Completed biocell/pond at Victory
Garden. Source H. Burkert.

Figure 3-29. Completed biocell/pond at Victory
Garden. Source H. Burkert.
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Example #9 Bioretention and Green Roof — Portland, OR

The City of Portland, OR has undertaken an LID . .
.. . Figure 3-30 Center landscape feature is a
retrofit program. The City is now Contmlhng bioretention cell with detention. Source
stormwater using LID landscape-level techniques and Portland, OR BES.
green roofs rather then traditional stormwater
techniques such as pipe and pond controls. Plants and
soils are being utilized to slow, cleanse, and infiltrate
runoff.

LID techniques are required under the City’s current
stormwater management regulations and are designed
to enhance the city’s aesthetics, improve air quality,
and reduce energy consumption. Figure 3-30 shows a
bioretention and detention facility that was required by
the City as part of a redevelopment project located in a
courtyard of a residential development.

Figures 3-31 and 3-32 show residential streets where bioretention and infiltration devices were
constructed as retrofit projects by the City.

Figure 3-31 Street retrofit with bioretention cell Figure 3-32 Bioretention planter boxes. Source
on both sides of road. Source, Portland, OR Portland, OR BES.

BES.
i
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Figure 3-33 shows a green roof which is part of the City of Portland ongoing green roof program.

Figure 3-33 Green Roof. Source Portland, OR
BES.

Example #10 Bioretention - Seattle, WA

In Seattle, Washington, the City has an ongoing program to retrofit residential streets in order to
protect the Puget Sound. Figures 3-34 (before) and 3-35 (after) depict a residential roadway that
was transformed by constructing a series of bioretention areas and detention cells in the public
right-of-way. The LID landscaping is maintained by individual home owners.

Figure 3-34 Seattle street prior to retrofit. Source Figure 3-35 Completed Seattle retrofit streetscape.
Larry Coffman. Source Larry Coffman.
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Chapter 4 - Road and Driveway Design

The majority of impervious surfaces associated with urban development are found within the
vehicular travel system including roadways and parking surfaces. These impervious surfaces
prevent infiltration, but are also part of a drainage paradigm that conveys, collects, and
concentrates runoff to pipes and ponds. To maximize the potential that LID could have on water
quality, various LID techniques can be incorporated into overall road design. The chosen
techniques will depend on the soils, development density, zoning, and use of the receiving water.
However, there are several ways to include LID in road design.

When implementing LID in road designs, the goal is not just to reduce impervious surface, but to
avoid using the roadway surfaces to collect, concentrate, and covey the runoff. Specific focus
should be on offloading the runoff (disconnecting and de-concentrating) into LID treatment
systems such as swales, bioretention, buffers, and infiltration devices.

4.1 Open Road Design

The simplest way to disconnect a roadway Figure 4-1 Example: of a dry swale. Source Maryland
. . Department of Environment.

is to use an open section grass swale

roadway design, rather than curb and 1
gutter, when engineering a road for a rural
or suburban subdivision. Generally,
shallow and broad swales are the best
design for open roads as they provide
more surface area to treat and absorb
runoff. The performance of the swales can
be enhanced where you have soils that do
not filter well. Figure 4-1 shows an
example of a way to design a swale to
enhance its ability to treat runoff. In this

case, several features have been
incorporated into the design, including a culvert as a weir for detention control; check dams to
increase retention time and decrease velocities; and a trench drain along the bottom of the swale
to encourage infiltration and increase runoff storage in the engineered soil. Swales should be
designed so that they are shallow with under drains to encourage good drainage and discourage
standing water.

If it is possible to reduce road width, there is an opportunity to increase the available green space
to be used for a wider open swale section to help achieve greater filtration, infiltration, or
storage. Where allowed open-section roadways can reduce the need for costly curb and gutter
sections and encourage the filtering and infiltration of storm water. Open section roadways
consist of a variable-width gravel or grass shoulder, usually wide enough to accommodate a
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parked car, and an adjoining grassed swale that
collects, conveys, stores, detains, and treats
storm water. Even a narrow street width of 22
feet can still accommodate parking on one side
of the roadway and leave ample room for a safe
travel lane that is generous enough to
accommodate most fire trucks, school buses,
and garbage trucks. However, it is possible to
design a road section with curb and gutter and
still have ways to disconnect the roadway
runoff. Figure 4-2 shows an open flume from a
curb and gutter section offloading runoff into an

adjacent swale. Figure 4-2 Open flume on curb and gutter
section. Source NC DOT.

Figure 4-3 shows a table with recommendations for a narrower roadway design to allow for the
addition of wider swales and reduce pavement width.

Figure 4-3 Narrow roadway designs allow for the use of wider swales
and treat runoff more efficiently. Source Residential Streets, NAHB.

Local St
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Figure 4-4 shows a standard 60’ roadway design with sidewalks on both sides. The important
LID feature is the use of wider swales for treatment and control. Notice that the swales are
located between the road surface and sidewalks providing greater protection to pedestrians.

Figure 4-4 Suggested design standard for a rural 60’ wide road
section. Source Logan, Utah.
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Figure 4-5 shows a narrow road section with sidewalks, shallow swale, and porous pavement
shoulders. The paver blocks provide a rough surface to alert drivers if their tires leave the road
surface. The pavers also protect the edge of the asphalt surface from braking off.

Figure 4-5 Narrow road section with a shallow swale,
sidewalk, and porous paver shoulder.

4.2 Urban Road Design

In residential settings it is possible to incorporate LID techniques into road design. For example,
Figure 4-6 shows two different types of roadway bioretention filtration systems for high-density
urban development. Neither system provides infiltration due to poor soils and high ground
water. Where flow, volume and water quality controls are required or desired and the soils
permit both systems could be designed as filtration and infiltration systems.

Figure 4-6 Bioretention planter boxes. Sources City of Portland, OR BES and
Ocean City, MD Filterra ™

FAREN Vel

City of Portland , OR
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The following are the main concepts to consider when designing roads to incorporate LID.

e Maximize natural drainage. Preserve
natural drainage patterns and avoid locating
streets in low areas or highly permeable soils.
When siting streets, consider natural drainage
patterns and soil permeability.

e Remove curbs from roads. Where feasible,
build roads without curbs, using vegetated
swales as an alternative.

e Utilize an urban curb cut and swale system.
In this case runoff runs along a curb and
enters a surface swale via a curb cut instead of

entering a catch basin to the storm drain Figure 4-7: Bioretention cells used for stormwater runoff
system. 12:111Cd traffic calming in Demarest Landing in Wilmington,

e Incorporate a dual drainage system. This is
a pair of catch basins with the first sized to capture the water quality volume into a swale
while the second collects the overflow into a storm drain.

¢ Build concave medians. With concave medians, the median is depressed below the
adjacent pavement and designed to receive runoff by curb inlets or sheet flow. The
median can then be designed as a landscaped swale or bioretention area.

e Minimize right-of-way. The right-of-way should reflect the minimum size required to
accommodate the travel lane, parking, sidewalk, and vegetation, if present.

e Construct with permeable materials. These materials are especially beneficial for use
in alleys and on-street parking, particularly pull out areas.

A typical right-of-way creates wide and often
visually unappealing streets that promote Figure 4-8 Bioretention cel.ls used for both stormwater
speeding and undermine safety. Bioretention treatment and traific calmmJg' Source Portland.

can be placed in the right-of-way providing a

dual function of stormwater treatment and
traffic-calming. By strategically placing
bioretention cells, traffic can be funneled into a
narrower road section forcing motorists to slow
down.

EE. » ".i_-‘.'-- feanty® i o AP,

Figure 4-8 shows how bioretention cells can be
integrated into an urban setting for treatment of
roadway runoff and to provide traffic calming.
This project was constructed in Portland,
Oregon as a retrofit. Infiltration was not
possible in this circumstance, therefore the bioretention systems were constructed only as
filtration devices that discharge through an under drain into the nearby storm drain system.
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Figure 4-9 also shows an example of a
filtration bioretention cell. In this Figure 4-9 Example of a bioretention cell within the
application, attention must be given to the road ri

inlet structures. Generally it is desirable to i
avoid high velocities of water flowing
through the bioretention cell, so in this case,
a mini detention flow restriction device was
used to reduce velocities (highlighted).
When curb and gutter is desired or required,
it is still possible to incorporate LID. Often
there is space between the curb and sidewalk
that can be used to treat road runoff.

Figure 4-10 shows an example of the curb cut
that allows water to drain into the green space.
If this approach is used it is important that the
curb cut is made wide enough to prevent
clogging by trash and debris. Generally curb
cuts become blocked with sediment over time
so they need to be cleaned periodically and if
possible designed with sufficient slope to help
create enough velocity to flush sediment into
the grass area.

The main issue with LID road design is that
trash and debris are highly visible and can
become unsightly if not routinely removed.
Since the treatment area is in the public right- IF,:;g“re 4-10 Curb cut in Mayfaire in Wilmington, NC.
N . . oto taken after rain event evidencing where water
of-way, responsibility for routine maintenance |entered the bioretention area.
becomes an issue. Typically this area is
maintained by the State or City, however, it is
possible through easement and covenants to
assign the maintenance responsibility to a
property owner or homeowners association. It
is relatively easy for an association to maintain
this type of system. In some cases individual
property owner’s agreements can be made.
Assigning property owners with maintenance
responsibility for some features of the public
rights-of-way is analogous to mowing the grass
area between the curb and sidewalk.

Figure 4-11 Bioretention system in a concrete box
and used as an infiltration system. Source
Americas Filterra.

Figure 4-11 shows a fully contained
bioretention system where trash and debris are
hidden from view. Runoff carrying trash and
debris enters the unit inlet on the curb face depositing it on the surface of the filter media.
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Treated water is infiltrated or discharged via | Figure 4-12 Example of Cul-de-sac design using
an under drain to a pipe 